Background: Celiac disease (CD) often manifests with dyspeptic symptoms and chronic gastritis is a common finding. Aim: To evaluate the frequency of lymphocytic gastritis (LG), chronic active gastritis (CAG), and chronic inactive gastritis (CIG) in patients with CD, before and after gluten-free diet (GFD). Methods: A five-year prospective study including all consecutive patients with a new diagnosis of CD was conducted. Gastric and duodenal biopsy specimens taken both at the time of the CD diagnosis and at the first endoscopic control after 18-24 months on GFD were evaluated. Results: 213 patients with CD were enrolled. At the time of the diagnosis, 42 patients (19.7%) showed normal gastric mucosa, 34 (15.9%) LG, 67 (31.5%) CAG, and 70 (32.9%) CIG. Out of the 34 patients with LG, all were Helicobacter pylori negative and the majority of them showed an improvement both of gastritis (94.1%) and duodenal lesions (82.3%) after GFD. GFD did not show significant effects on CAG and CIG.
Introduction
Celiac disease (CD) is a chronic, immune-mediated disorder of the small bowel triggered by gluten in genetically predisposed individuals. 1 Untreated CD may cause intestinal and extraintestinal symptoms, malabsorption, iron deficiency, osteoporosis, reduced quality of life, and an increased risk of cancer, mainly lymphoma. CD patients may complain of mild dyspeptic symptoms, but the condition can often be asymptomatic. It has been estimated that CD affects approximately 1% of the whole world population, and is frequently associated with a number of autoimmune diseases -in particular diabetes mellitus type 1 and thyroiditis. Mucosal damage is not confined to the small bowel but may be found in the gastric mucosa. 1 Indeed, lymphocytic gastritis (LG), chronic active gastritis (CAG), and chronic inactive gastritis (CIG) all appear to be more common in patients with CD. 2 In particular,
LG is strongly associated with CD, a strict correlation being found with severity of duodenal lesions, in particular villous atrophy. 2 LG, first described by Haot et al. in 1986, 3,4 is a very rare form of gastritis (0.8-1.6% of cases) with unclear pathogenesis. 5 Its endoscopic appearance can vary from a normal mucosa to varioliform gastritis, nodularity, hypertrophic gastropathy, and aphthous erosions. 1, 6 Its etiopathogenesis is currently thought to be drug-induced, or a sprue-associated reaction, or an atypical inflammatory response to Helicobacter pylori (H.pylori) infection. LG was reported in almost 45% of cases of CD, with lymphocytic infiltration being more pronounced in the antrum and in patients with severe duodenal lesions. 7 A correlation of LG with serologically and/or histologically confirmed H. pylori infection was found. 5 The clinical signiEcance of LG, in patients with or without CD, has not been evaluated, however, and there is no recognized treatment strategy for this histological condition.
The aim of the present study has been to evaluate the frequency of LG, CAG, and CIG in patients with CD and the histological improvements that a gluten-free diet (GFD) can determine in each case.
Methods
A prospective study was conducted at the Gastroenterology Unit of the University of L'Aquila enrolling all consecutive patients from January 2010 to June 2014. All patients underwent upper endoscopy with gastric and duodenal biopsies in response to one or more of the following signs and symptoms: dyspepsia, abdominal pain or discomfort, bloating, diarrhea, anemia, joint pain, dermatitis, autoimmune thyroiditis, type 1 diabetes, weight loss, family history of CD, positive screening for CD. All consecutive patients with a new diagnosis of CD were included.
The study was performed with the institutional review board approval and the written informed consent of all patients. All clinical investigations were conducted according to the principles laid down in the Declaration of Helsinki.
All enrolled patients underwent clinical, laboratory, endoscopic and histological evaluation. Laboratory examination included anti-tissue transglutaminase (anti-tTG) antibodies, anti-endomysial antibodies (anti-EmA), and anti-deamidated gliadin peptide antibodies (for all, both IgA and IgG), genetic testing for CD (HLA-DQ2 and HLA-DQ8 haplotypes), IgE antibodies to wheat, and skin prick test. Completed blood cell count, acute phase reactants, iron, ferritin, and immunoglobulins were also assessed. Gastric and duodenal biopsy specimens at the time of the diagnosis of CD and at the first endoscopic control after 18-24 months on GFD were assessed by hematoxylin and eosin (HE) and CD3 immunohistochemical staining.
The diagnosis of CD was made in the presence of anti-tTG antibodies and/or anti-EmA, associated with specific duodenal alterations at biopsy, such as increased intraepithelial lymphocytes (IELs), crypt hyperplasia, and villous atrophy ( Figure 1 ), according to Marsh classification, as follows:
. type 1: increased IELs; . type 2: increased IELs and crypt hyperplasia;
. type 3: villous atrophy with increased IELs and crypt hyperplasia. 8, 9 Patients without these Endings were classiEed as having normal duodenal biopsies; those with active mucosal inFammation with or without erosions or foveolar cell metaplasia were classiEed as having duodenitis. Patients with discordant results -i.e. positive antibodies and negative biopsies -were genetically tested for the presence of HLA DQ2 and/or DQ8 haplotypes; if this proved negative, CD was ruled out.
Gastric lesions were classified according to the updated Sydney system as follows: 10 .
LG was deEned as the presence of >20 lymphocytes/ 100 epithelial cells, with chronic inFammation in the lamina propria, in presence or absence of activity or H. pylori organisms (Figure 2 ). . CAG was deEned as the presence of a mixed inflammatory infiltrate in the lamina propria, in presence or absence of H. pylori organisms. . CIG was deEned as the presence of dense population of lymphocytes and plasma cells within the lamina propria, in presence or absence of activity or H. pylori organisms. H. pylori infection was assessed by Giemsa staining of histological sections of biopsies taken in the antrum and fundus of the stomach. For confirmation, H. pylori negative CAG cases were also evaluated by the monoclonal enzyme immunoassay (EIA)-based stool antigen test (SAT). Autoimmune gastritis was diagnosed by enzyme-linked immunosorbent assay (ELISA) for anti-gastric parietal cell antibodies. Demographic and clinical data were collected. GFD was proposed to all CD patients enrolled in the study. Education to GFD and compliance with it were assessed throughout the study by monthly interviews of the patients by a trained nutritionist.
Statistical analysis
Comparisons among groups were assessed by the chisquare test and Fisher's exact test, as appropriate, for categorical variables. A p-value of <0.05 was considered statistically significant. The prognostic value was expressed as risk ratio (RR) and corresponding 95% confidence interval (CI). McNemar test has been used to verify the efficacy of GFD on the gastric lesions. All statistical analyses were performed using SAS 9.4 Statistical software (SAS Institute Inc., Cary, NC, USA).
Results
During the 4 years study, 250 new cases of CD were diagnosed (191 F, 59 M, mean age 34 years at the diagnosis). Of these 250 patients, 22 were lost to the follow-up, 10 did not accept to undergo the control gastroscopy after 18-24 months of GFD, and five did not follow the GFD. Overall, 213 patients completed the study and were included in the statistical analysis.
No patients with CD had other concomitant causes of villous atrophy in the duodenum as tropical sprue, smallbowel bacterial overgrowth, autoimmune enteropathy, Whipple disease, collagenous sprue, Crohn's disease, eosinophilic enteritis, intestinal lymphoma, infectious enteritis (e.g. giardiasis), graft versus host disease, acquired immune deficiency syndrome enteropathy, or drug-associated enteropathy (e.g. olmesartan). 11, 12 Small bowel bacterial overgrowth was evaluated by glucose H 2 breath test. Drug-associated enteropathy was excluded through anamnestic data: no patient had taken olmesartan and no patients had taken nonsteroidal anti-inflammatory drugs (NSAIDs) and proton pump inhibitors (PPIs) during the three months before gastroscopy. Table 1 .
Gastric histological lesions at CD diagnosis
H. pylori infection was found in 77.6% of patients with CAG, in 4.3 % of patients with CIG, and in no patient with LG ( Table 2) .
A significant correlation between LG and a more advanced intestinal villous atrophy (in according to Marsh classification) was found (p ¼ 0.0001) (Figure 3 ).
Gastric histological changes after GFD
All the patients underwent control endoscopy with biopsies at a median follow up of 21 months LG ¼ lymphocytic gastritis; CAG ¼ chronic active gastritis; CIG ¼ chronic inactive gastritis.
(range 18-24 months) after the enrollment. Histological evaluations of gastric and duodenal biopsies were performed in order to evaluate the level of improvement of both gastric and duodenal lesions after GFD. These findings with regard to those patients with H. pylori-negative gastritis at the time of the diagnosis were the following: out of the 34 patients with LG, all (100%) were H. pylori negative and the majority of them showed an improvement both of gastritis (94.1%) and duodenal histological lesions (82.3%) after GFD. Out of 67 patients with CAG, 15 (22.4%) patients were H. pylori negative and only 20% of them showed an improvement of gastritis after GFD. Out of 70 patients with CIG, 67 (95.7%) were H. pylori negative and none of them showed no change of gastritis after GFD. After 21 months of GFD, LG significantly improved compared to CAG (p ¼ 0.0001) ( Figure 4 ).
Discussion
Chronic gastritis is frequently present in CD. We observed that about two thirds of CD patients have CIG or CAG (irrespective of H. pylori status), while LG is present in approximately 16% of the patients. None of patients with LG had H. pylori infection and almost all (94.1%) improved after GFD. GFD had lower influence on CAG and CIG. Patients with CAG not associated to H. pylori infection improved in only 20% of the cases, while those with CIG showed no improvement at all.
These data, therefore, confirm the association between CD and LG that has been described in both pediatric and adult patients. 1, 2, 6, 7, [13] [14] [15] The prevalence observed in our cohort of patients was lower compared to that reported in the literature. Our data confirm the positive correlation with an advanced villous atrophy and the negative correlation with H. pylori infection. 2, [15] [16] [17] Concerning the natural history of LG, few data has been published. LG, when is associated with H. pylori infection, shows improvements after infection eradication. 17 On the other hand, the effect of GFD on LG has yet to be identified. Evidence of clinical and biochemical improvement of LG after GFD has been reported in only two of four patients with LG and villous atrophy. 18, 19 In 1998, Feeley et al. described seven cases of LG, all occurring in the setting of untreated, symptomatic CD (both in patients with new CD diagnosis and in patients with poor adherence to the GFD), a finding which was associated with the small intestine villous atrophy. 20 The real clinical significance of LG in CD patients is still unclear. When present in CD patients, LG seems to be responsible for dyspeptic symptoms and presumably related, at least in part, to the ingestion of gluten, as also confirmed by its clinical and histologic improvement with the GFD. The lack of improvement of LG after GFD should prompt to consider other possible causes. Indeed, dyspepsia is not-specific compliant due to various mechanisms and which can also improve spontaneously.
Lymphocytic infiltrate can also be present in the colonic mucosa of CD patients. [21] [22] [23] Whether this association occurs only in a distinct subset of patients or is a more general phenomenon has yet to be determined. 23 The examination of colonic biopsies in a subset of CD patients revealed that 31% of them also showed a striking lymphocytic infiltration of the superficial colonic epithelium. 24 Out of four patients with celiac sprue and colonic lymphocytosis two of them also showed gastric lymphocytosis at gastric biopsies. 24 Immune-mediated lymphocytic response linked to gluten occurs in the gastric epithelium, similar to that seen in the small intestine of patients with CD. 17 It has been suggested that at least a subset of cases of CD may involve a diffuse T cell lymphocytic enteropathy occurring in response to gluten. Therefore, celiac associated LG might be the less florid gastric equivalent of the small intestinal response to gluten. 20 In conclusion, gastric intraepithelial lymphocytosis may represent a concomitant manifestation of CD rather than a separate entity. In dyspeptic patients, histological finding of LG without H. pylori infection, suggests to test for the presence of CD. Adherence to GFD in CD patients with concomitant LG should be evaluated by histological assessment of both gastric and duodenal biopsies.
Other studies are needed to better understand the pathogenesis of LG, whether it is related to the duration of the CD or to a specific genetic susceptibility.
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